The inverse seesaw mechanism of neutrino mass, i.e. m ν ≃ (m 2 D /m 2 N )ǫ L where ǫ L is small, is discussed in the context of the U (1) Σ model. This is a gauge extension of the Standard Model of particle interactions with lepton triplets (Σ + , Σ 0 , Σ − ) as (Type III) seesaw anchors for obtaining small Majorana neutrino masses.
Introduction : If the SU(3) C ×SU(2) L ×U(1) Y Standard Model (SM) of particle interactions is extended [1, 2] to include a lepton triplet (Σ + , Σ 0 , Σ − ) per family, then the heavy Majorana mass of Σ 0 acts as a seesaw anchor for the neutrino to acquire a small mass, just as in the case of using a singlet N. This is often referred to as Type III seesaw [3] . It has also been shown [4, 5, 6, 7] that this addition admits a new U(1) Σ gauge symmetry, with the following charges:
u R ∼ (3, 1, 2 3 ) :
Consider now the inverse seesaw mechanism: a situation is established where m ν = 0 because of a symmetry, which is then broken by a small mass parameter [8, 9, 10, 11, 12] .
As a result, m ν is proportional to this symmetry-breaking parameter (and not inversely proportional to m N as in the usual seesaw). The prototype model is to add a singlet Dirac fermion N, i.e. both N R and N L , with lepton number L = 1 per family to the SM. The 3 × 3
where ǫ L,R are lepton-number violating Majorana mass terms. This is a natural extension of the famous 2×2 seesaw mass matrix, but it also has a clear symmetry interpretation, i.e. Inverse seesaw using U(1) Σ : To implement the inverse seesaw in the U(1) Σ model, the lepton triplet
is added. This will not change n 1,2,3,4,5 , but now
is required to cancel the [SU(2)] 2 U(1) Σ triangle anomaly. Using this, the mixed gravitationalgauge anomaly of U (1) Σ is also zero. However, the [U(1) Σ ] 3 triangle anomaly is no longer zero, unless either n 7 = 0 or n 6 = 0. Extra singlets are needed to cancel this anomaly without affecting the others. Details will be presented in a later section.
To be specific, consider the case n 1 = n 4 = 1, and n 6 = −1, then n 0 = n 2 = n 3 = 1, n 5 = −1, and n 7 = −2. Three Higgs doublets are needed:
coupling to quarks, charged leptons, and neutrinos respectively. Note that (Σ
does not couple to (ν, e) L because −n 7 − n 4 = 2n 0 − n 4 = 1 and there is no Higgs doublet with that charge. Add scalar singlets with U(1) Σ charges as follows:
then the termΣ L Σ R χ 1 provides a Dirac mass m Σ linking Σ L with Σ R and the analog of Eq. (7) is
where m D comes from φ 0 3 , m Σ from χ 1 , m 2 from χ 2 , and m 4 from χ 4 .
Higgs structure of U(1) Σ : To understand why m 4 can be very small in Eq. (14), consider the Higgs potential involving χ 1,2,4 :
where λ ij = λ ji . Let χ i = u i , then the conditions for V χ to be at its minimum are 
A natural solution exists [13, 14, 15] , such that u 4 << u 2 << u 1 , i.e.
If µ 
where Eq. (9) has been used. To cancel it, add (2, 4, 2) copies of left-handed fermion singlets [5, 7] . The other is the Dirac lepton triplet (Σ + , Σ 0 , Σ − ), as opposed to the usual Majorana triplet of the Type III seesaw [3] . Instead of just one kind of heavy charged lepton Σ ± with mass m Σ [20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34] , there are two kinds [35, 36] 
